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传统的叶绿素蓝绿比值法而言。目前持续发布中的标准 MODIS 卫星 FLH 产品
的可应用空间如何，应用中可能出现哪些具体问题，仍值得探讨。为此，本论文
就基于 FLH 的中国海水华监测与研究展开讨论。 
针对影响遥感 FLH 质量的大气校正问题，本论文结合现场和遥感数据，比
较和分析 SWIR 和 NIR 大气校正算法的差异。在本研究关注的中国东南沿海有
害藻华(HAB)高发海域，SWIR 和 NIR 校正结果，没有显著差异。对比相应的现
场实测数据可以看出，NIR 校正之后的遥感反射率(Rrs)相对于实测 Rrs，呈现高
估的倾向，然而均方根误差低于 SWIR 校正结果，故此我们认为标准 NIR 大气
校正方法适用于中国东南沿海 HAB 高发海域。同时我们也注意到在长江口高浊
区，显然需要采用 SWIR 算法。 
采用 NIR 校正之标准 MODIS FLH 产品，我们首先研究如何有效应用之于近
岸水华监测。基于福建近岸浮游植物水华期获得的 35 组实测遥感反射率和叶绿
素 a 数据，提出 MODIS FLH 差值法，即当日 FLH 与前 14 d 平均 FLH 差值 ≥ 0.06 
mW cm-2 μm-1 sr-1 时(叶绿素差值 ≥ 10 mg m-3)，判别为水华发生。取 2003 年 5
月、2005 年 6 月和 2009 年 1 月三个赤潮案例，处理获得 MODIS 卫星 FLH 时间




其次应用 MODIS FLH 产品，研究南海吕宋海峡水华之发生、发展与机制。
FLH 与传统的蓝绿比值法叶绿素产品和半分析浮游植物吸收系数产品一致，揭



























































Pioneering studies showed a nice correlation between chlorophyll-a 
concentration and natural fluorescence. Fluorescent Light Height (FLH) was a good 
way to detect chlorophyll under some conditions. It was tens years after the FLH 
algorithm had been developed. 
In order to know that how to use the standard FLH product and what is the 
problem, we found out the relationship between FLH and chlorophyll. At the same 
time, we thought about the atmospheric correction which may influence FLH. 
Understanded the limition and feasibility of FLH, we chose two case (Fujian and 
Luzon) for study. 
To find the difference of SWIR and NIR model in alongshore, we compared 
FLH products from each model. The difference was little in our study area. Viewing 
the result data, the NIR model was greater than SWIR. But the SWIR model 
underestimated in all band and added the scatter. So we chose NIR model in our study 
area. We also discussed the applicable conditions of SWIR model. 
In alongshore, we used the relationship between FLH and chlorophyll in remote 
sensing. Follow previous, we used difference value to detect the red tide by FLH from 
MODIS. Then the model was found and used in a few case. 
In offshore, we studied the development and mechanism of Luzon bloom used 
FLH and aph. It is demonstrated that Kuroshio intrusion plays a critical role in the 
offshore bloom formation. The Kuroshio does not carry nutrients to the SCS, but to 
stir the water and then fuel intensive bloom. Nutrients are from below which is 
pumped up by basin scale upwelling (nutricline uplift) and then is mixed up to the 
surface water by frontal mixing. A nearshore bloom in the Babuyan Channel is also 
documented. Nutrients come from the Cagayan river runoff. Most importantly, timing 
of both offshore and nearshore blooms coincides with the northeast monsoon, which 
is the primary forcing that driving dynamic processes involved in the bloom 
formation-Kuroshio intrusion, upwelling and coastal advection along the northern 
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IOPs 固有光学特性(Inherent Optical Properties)  
AOPs 表观光学特征(Apparent Optical Properties)  
CDOM 有色溶解有机物(Chormophoric Dissolved Organic Mater)  
aw 纯水的吸收系数 m-1 
ag 有色溶解有机物吸收系数 m-1 
ad 非藻类颗粒吸收系数 m-1 
adg 非藻类颗粒与有色溶解有机物吸收系数 m-1 
aph 浮游植物吸收系数 m-1 
Chl 叶绿素 a 的浓度(Chlorophyll a) mg m-3 
OD 光学密度(Optical Density)  
β 颗粒吸收系数测量方法中的光程放大系数  
Rrs 遥感反射率 sr-1 
FLH 叶绿素荧光高度(Fluorescent Light Height) mW cm-2 μm-1 sr-1 
SICF 太阳激发叶绿素荧光(Sun Induced Chlorophyll Fluorescence) mW cm-2 μm-1 sr-1 
Lw 离水辐射率 W m-2 sr-1 nm-1 
nLw 归一化离水辐射率 mW cm-2 μm-1 sr-1 
SST 海表面温度(Sea Surface Temperature) ℃ 
MSS 悬浮矿物颗粒(Mineral Suspended Solids) g m-3 
NADPH 高能磷酸键  
QAA 固有光学特性的半分析算法(Quasi-Analytical Algorithm)  
ABI 区域水华指数(Areal Bloom Index)  
IOCCG 国际水色协调工作组(International Ocean Colour Coordinating 
Group) 
 
MODIS 卫星传感器：中分辨率成像光谱仪(The Moderate Resolution 
Imaging Spectroradiometer) 
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从 1978 年美国 NASA 第一代水色传感器 CZCS 到 SeaWiFS、MODIS 和
MERIS，水体叶绿素反演算法不断发展。常规蓝绿比值法的原理是，伴随叶绿素
浓度的升高，遥感反射率(Rrs，Remote Sensing Reflectance)在蓝光波段降低绿光
波段升高(Clarke et al., 1970; Gordon et al., 1980)。实践证明，此算法在Ⅰ类水体
中取得了良好的效果(Lee et al., 2009)，但在Ⅱ类水体中，由于高浓度的泥沙、
CDOM(Colored Dissolved Organic Matter)在短波段与叶绿素有类似的吸收特征，
应用蓝绿比值法经常出现叶绿素浓度高估的现象(Carder et al., 1999; Lee et al., 




































释放氧气。后者为荧光的主要释放部分(Behrenfeld et al., 2009)。 
通过吸收光量子，浮游植物细胞内的叶绿素分子从基态(低能态)跃迁到激发
态(高能态)。处于激发态的叶绿素分子可以通过几种途径释放能量回到稳定的基









图 1.1 主要的去激途径(Campbell et al., 1998) 
Fig. 1.1 The main way to remove excitation (Campbell et al., 1998) 
 
因而，在天然水体中人们可以从反射光谱上观察到 685 nm 左右出现叶绿素
的荧光峰，关于这一现象已有很多报道(Nevile and Gower, 1977; McKee et al., 
2007; Ahn et al., 2007; Zhao et al., 2010; Zhao et al., 2008)。尽管如上所述，从色素
对光子的吸收到荧光的激发到光合作用，各个过程之间远不是简单的关系，但人
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